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in tnis paper, under the assumption of a sub-
stantlal manned space orbital program, we address the
uses of man and manned space programs to support "operational®
Earth applications. Potential space applications have been
identified by NASA and recently by the National Academy of
Sciences -- National Research Council Summer Study on Space
Applications, in the fields of meteorology, oceanography,
Earth resources, geography, geodesy, communications, navi-
gaticn and traffic control.

The Summer Study, concerned wlth the next 5-3*0
years, is optimistic about the benefits obtainable from
orbital flight. The participants postulate a substantial
automated program to obtain these benefits; they remark

that the use of manned vehicles "does not at present appear
economical "hr dAesirahla and urge that the manned nrogram
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"stand on its own feet.

However, this paper addresses a time, 10-15 years
1n the future, when the manned R&D base includes large new
capabilities. There are continuously manned space stations
in several orbits, including near~Earth high incllnation and
Earth synchronous. There are capabilities for frequent low
cost transportation, shuttle vehicles with orbit change
capability, launch and retrieval of automatic satellites,
centripetal "gravity", and large cargo weight.

We can see considerable usefulness for man in a
large, capable space station along with automated satellites
accelerating development, qualification, and shakedown, and
extending the 1life and improving the performance of operational
systems.
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PREFACE

! This document was initially prepared as a staff
White paper for the STAC Winter Study on the Uses of
Manned Space Flight 1975-1985. 1In the course of the study,
portions of section III on the "uses of man" were consolidated
with the White Paper on Earth Sciences and Applications,
and wlll appear in the appendlx of the STAC report.
Responsibility for the statements made rests with the authors.
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TECHNICAL MEMORANDUM

I. INTRODUCTION

In this paper, under the assumption of a substantial
manned earth orbital program, we address the uses of man and
manned space programs to support "operational" Earth applica-
tions. Potential space applications have been identified by
NASA, and, recently, by the NAS/NRC Summer Study on Space
Applications, 1in the fields of meteorology, oceanography,
Earth resources, geography, geodesy, communication, naviga-
tion, and traffic control.

The Summer Study is optimistic about the benefits
obtainable from orbital flight. The participants postulate a
substantial automated program to obtain these benefits; they
remark that the use of manned vehicles "does not at present
appear economically desirable" and urge that the manned pro-
gram "stand on its own feet."

This recommendation is entirely proper. It must,
however, be recognized that the automated program is "cost ef-
fective" because 1t rests on a ten-year history of NASA and
DOD research and development. Launch vehlcle development,
launch facilities, and tracking and data acquisition facili-
ties are not charged to a new automated program. This paper
addresses a time, ten years in the future, when the R&D base
includes some new capability - low cost transportation to or-
bit - and the harnessing of the Manned Space Flight capabil-
ity developed for the Apollo Program. This capablility includes
readily accessible space stations in several orbits.

Considering cost-effective applications for flight
today, in 1968, the only rational role - or better, position -
for man is on the ground, participating in design, development,
control, and analysis of data from unmanned satellites. In
the middle to late 70's, given the ground rules of this study,
we can see considerable usefulness for him in space, accelerat-
ing the development and increasing the reliabllity of the ap-
plications.
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Although we did not examine making Earth applica-
tlons observations from a lunar base in any detail, it is our
preliminary conclusion that little, if any, additional util-
ity would be gained over making such observations from Earth
orblting space stations in geosynchronous orbits.

The body of the text includes, a fairly detailed
summary of the Applications worked on by the Summer Study,
a discussion of "potential benefits" and a discussion of
which applications appear "consistent" with a manned program
of this scope.

ITI. PAST STUDIES ON THE ROLE OF MAN IN EARTH APPLICATIONS:
THE WINTER STUDY DIFFERS

Thls section reviews past studies on the usefulness
of man in space. A general discussion is followed by conclu-
sions of the NAS/NRC Summer Study on Space Applications and
the assumptions of the Winter Study; these lead to the
distinct conclusions of this white paper.

A. General

There have been a number of NASA and contractor
studles partially directed at the use of manned vehicles to
support Earth applications (See A-2, A-5, C-1, C-2, C-7,
D-6, D-7 and D-8).

They cite some characteristic advantages applicable
to operations. Included among these are:

1. Quality data assurance through the capability
for calibration, modification, maintenance and
repair in space;

2. Flexibillty of control, adjustment and modification
of instruments to match the instruments with the
phenomena under observation;

3. The advantage of the presence of man as an
observer;

4. Greater capability to carry correlative and
comparative sensors;

5. Return of high quality, hard copy data.
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Note that the first three deal with man, per se; the
last two deal with necessary properties of manned systems,
which could be realized with automated satellites as well.

Most of these will be discussed further in sections
III and IV. The advantages of hard copy data are summarized
in Appendix A.

Several references address the advantages and dis-
advantages of man himself for performing useful work in space
(See A-3, A-~11). It 1s clear that in any system where most
of the sensing is routine and repetitive, man should not be
an "on line" part of the system. Good machines make fewer
sporadic errors, perform well-defined operations more precisely,
and are not subject to "bad days," indigestion, or sleep.

The Thompson report (A-2) summarizes this point
aptly: "Man's role in this program will add flexibility and
reliability to the use of complicated instruments and
sensors that are automated to the maximum degree that the
designer's knowledge of requirements and his ingenuity
will permit."

These references cover the generalized "usefulness"
of man. A more pertinent question may be, for a given set of
planned accomplishments, 1s a particular manned system desir-
able? For near term operational Earth applications and the
Apollo Applications Program (AAP), the next section suggests
the answer is no. ’

B. Summer Study on Space Applications(A—l)

This study, made by the National Academy of Sciences -
National Research Council for NASA, is the most complete and
authoritative study of potential applications of Earth
oriented satellites., It willl be summarized 1n Section V.
Dealing generally with the next six years, the study 1ldentifies
"realistic" space applications and postulates feasible auto-
mated systems for accomplishing them. The alternate, manned
program is presumably the AAP.

With regard to the manned program they state:

"We believe that the manned program has provided
technological developments of importance to many
aspects of space flight and the use of space. It

is expected that this will continue. In particular,
the large booster program, tailored to the require-
ments of particular earth orbits, will find appli-
cations in the orbiting of heavy paylcads for a
variety of purposes. Additionally, thls program
will provide significant opportunities to test sen~
sors and to prove out techniques useful to
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applications and considered by this Study. However,
the use of manned vehicles per se does not at present
appear necessary or economically desirable for the
operation of the various space-applications systems
constdered by this Study. We believe that the
systems proposed for providing near-term practical
and economical benefits to the United States public
and to mankind generally will be achieved more
effectively and economically with automated devices
and vehicles.?*

"We recommend, therefore, that these programs, manned
and unmanned, be evaluated independently, i.e., each
should stand mainly on its own feet."

As noted, the Summer Study findings are based on a
program for the next six years, the time scale of the Apollo
Applications Program (AAP). The disadvantage of this manned
program were stated in this Summer's Space Applications Pro-
gram Memorandum (C-2) and are summarized here.

1. "Man in space" is still in relatively early
stages of development, and so dedicated manned
flights for applications are premature.

2. Manned flight orbital inclinations are so con=-
strained by safety considerations that the re-
quired high inclinations are not possible.

3. Operational systems will be automated; therefore,
development flights should be automated.

4, Unmanned flights have a definite cost advantage.

For AAP, there can be little argument with the first
two points. These and other conclusions of the Summer Study
and of the Program Memorandum are open to reconsideration when,
as in this study, a later time and a radically different manned

program are considered.

C. The Winter Study Guidelines

STAC has been asked to consider the usefulness of
manned space flight in various disciplines, given a substan-
tial manned program. The time 1s the mid 70's to the mid
80's. In contrast with the limited AAP flights, there are
continuously manned space stations in several orbits, including
near-earth high inclination and earth synchronous. Trans-
portation of personnel and materials to the station 1s

¥Ttalics ours.
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frequent (every few weeks) and very low in cost--$10 to $50
a pound. Shuttle vehicles with a substantial orbit-change
capability are available. Automated satellites may be
launched into and retrieved from a variety of orbits.
Centripetal "gravity" 1s available as needed, and cargo
weight can be very large.

This Winter Study program is at least grossly
practical. It represents a national Research and Development
investment not out of line with NASA's previous budget history.
STAC is asked to consider, then, how useful such a capability
would be. For Earth Applications, the major shortcomings
of AAP are removed. It appears, as developed in the next
two sections, that there is substantial usefulness.

IIT. OPPORTUNITIES OFFERED BY THE WINTER STUDY PROGRAM: EX-
TENDED ROLES FOR MAN

A. General--The Space Systems

In 1968, the men on the ground are effective through
the research and development investments of the precceding ten
or more years. They work with manufacturing facilities, test
facilities, the launch complexes, and the tracking networks.
All of these focus on relatively small automated satellites.

For the Winter Study, these facilities are assumed
augmented by an additional research and development investment,
which includes the space stations and a highly competent trans-
portation system. A variety of activities is carried on--e.g.,
the station are multi-disciplinary--and crew time is available
to an arbitrary degree. One may postulate a few man-hours per
week, or a reasonable number of full time specialists. The
Earth Applications observations are made in part by automated
satellites and in part by on-board instruments. The following
sections deal with the man's interactions with on-board
instruments and with automated satellites 1f accessible to
the crew.

B. Exploratory Development

The scientific exploration of the Earth from space
will stimulate potential users to conceive "operational appli-
cations." A particular user will pursue "proof of concept.”
For this, he requires sample data. These data may be avail-
able from archives. If archival data are inadequate, an
"exploratory experiment" would be performed in the terrestrial
case. Available equipment would be used. The Winter Study
postulates a flexible Earth Sciences laboratory in orbit with
an Earth scientist generally in residence. This facility,
with the operator if required, is certalinly available for
"proof of concept" data, at some reasonable incremental cost.
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C. Development Phase

The potential application could involve new soft-
ware for an existing instrument (for instance, a metric camera
or scanning spectrometer), the development of a new instru-
ment or of an automated satellite. Development can proceed
without immediate tests. However, in the early phases, many
design choices are open which can be resolved empirically,
using a working breadboard on the station. The cognizant
engineer could perform not yet automated functions manually
analyze and discuss the data with his cohorts on the ground,
and make modifications in situ.

As the data approach "operational" quality,they may
be useful in testing the ground portion of the system--e.g.,
the way in which crop data are distributed to farmers.

In the advanced phases of development there may be
advantages in performling qualification tests and engineering
shakedown in space. Thermal vacuum chambers and solar
simulators are expensive and imperfect tests. Direct tests in
space are less controlled (e.g., earth occultation) but with-
out doubt realistic.

Shakedown involves operation of the final device;
on earth it is customary to have a continulng capability for
final tweaking, tuning, checkout, and last minute changes.
If difficulties arise with which the astronaut cannot deal,
the device can be returned to Earth for further work. Devel-
opment costs for automated satellites have run $32,000/pound
in the past; even with a considerable reduction in this figure,
low cost ($10-$50 a pound) transportation permits a number of
trips to orbit and back.

Use of man in the development phase will be "practical"
if development time can be significantly shortened. We
postulate that the capability to make real time adjustments
with a relatively quick "feed back" of the results will involve
much fewer man hours and a reduced development time scale as
compared to an iterative development process 1nvolving sequential
flights at relatively long intervals (~ one year) with each
flight requiring many supporting man hours.

The man involved in this development activity under-
stands both his disciplines and his equipment. He has a flair
for unusual occupations. Perhaps the oceanographer who sails
for Woods Hole Oceanographic or Scripps 1s closely related.
One would expect to find him a versatile, very interesting
kind of character.
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D. Operational Phase - Automated Systems

The applications described by the Summer Study (see
Section V) are fairly cut and dried once they reach the
operational phase. Procedures are well defined, and it would
be foolish not to automate their nominal operations. There
is a design freedom, using the man, to perform off-nominal
operations (e.g., initial deployment), and to respond to
contingencies (repair). This kind of man-instrument inter-
action is covered in Section IV. The man 1s involved with
a given instrument only rarely, and he functions as a
reasonably creative technician.

E. Operational Phase - Manned Systems

In addition to providing data assurance by providing
support to sensing systems which are nominally automated, the
manned station can, with some specialized equipment, lend it-
self to certailn applications for which an automated sensing
system would be less practical. These applications are
associlated with certain earth phenomena or events which are
unusual, or of small extent in time and space. Either through
versatile control of high performance instruments or as an
observer man can accomplish concentrated, non-routine sensing
of thls type of phenomena. Specific examples include storms,
incipient storms, frontal zones, and jet stream zones in
metecorology; iceberg areas, storms, fish schools, and red
tides in oceanography; fires, fire damage and storm induced
changes in geography; and also floods, acute air and water

pollution; and large scale cartographic and thematic mapping.

This Intensified sensing would be done as a re-
sult of astronaut observation 1In some cases but more likely
based on information from ground control.

In order to make this type of contingency observa-
tion, 1t is of course necessary for the observing platform
to be in the right place at the right time. Thils is a rela-
tively minor problem for statlons in geosynchronous orbit;
at these altitudes high resolution sensing 1s difficult but
feasible. In the course of the Winter Study, there was
serious discussion of a 120" telescope for Earth observation.
In polar orbit a satellite passes over a given low latitude
target at most twice a day.

FP. Conclusions

Given the Winter Study program 1t appears that the
development programs leadlng to operational applications could
be speeded, using the space station facilities. There may,
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further, be some real benefits to be reaped from the occasional
use of the multi-instrument manned laboratory for certain
special tasks. Most "operations," however, are cut and

dried; they will be automated whether accommodated on the
manned spacecraft or not. The next section deals with these
instruments. It appears to the authors that provided instru-
ment requirements (orbit inclination, etc.) are met there may
be real advantages in ease of design and incremental cost 1in
building these automated instruments to work with men, on

board the space stations of the Winter Study Program.

IV. IMPACT OF THE WINTER STUDY PROGRAM ON OPERATIONAL EARTH
APPLICATIONS: INSTRUMENT DESIGN, EFFECTIVENESS, AND COST

Considering a particular task, are there ways to
achieve it which are simpler, more effective, or cheaper on a
manned space station, or on an automated space craft launched
from and retrievable by the station? In attacking this ques-
tion, we identify some difficult requlrements which the station
must meet; we also 1solate ways in which the man can frult-
fully interact with the apparatus; the first three sub-sections
deal with cost and size.

A. Use of Incremental Costs

Based on past experilence RE&D costs will not be
charged to the user. The incremental cost of serving a user
will be charged to the user plus some share of the cost of the
station. As a manned station will have multiple obJectives
the merit of which are difficult to compare quantitatively,
an application users share of the cost of the basic station
cannot be estimated, being a matter of broad policy.
"Inexpensive, ummanned spacecraft" are inexpensive largely
because they use facilities resulting from NASA and DOD
Research and Development funds over the last ten years.

The Winter Study Space Program provides precisely analogous
facilities, paid for by Research and Development over the
next ten years. Table IV-A makes the "unmanned spacecraft"

point.
TABLE IV-A
COSTS OF AUTOMATED SPACECRAFT
DEVELOPMENT OPERATIONS
INSTRUMENT DEVELOPMENT UNIT COSTS
DATA ANALYSIS DEVELOPMENT UNIT COSTS
SPACECRAFT INTEGRATION UNIT COSTS
SPACECRAFT DEVELOPMENT UNIT COSTS
(NO LAUNCH VEHICLE R&D) LAUNCH VEHICLE UNIT COSTS
(NO LAUNCH COMPLEX R&D) LAUNCH OPERATIONS UNIT COSTS

(NO TRACKING AND DATA R&D) TRACKING AND DATA ACQUISITION (?)
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We would expect the "venture capital" required for
an instrument on a manned station to fall under the same

line items enumerated above. '"Spacecraft development"
might be referred to a pro-rated share of the Earth looking
module.

B. Low Cost Transportation

The launch costs cha®geable to a given package of
instruments will be lower than those using conventional
launch vehicles. The guidelines describe a reliable, reusable
manned transportatlon system; the cost of lifting discretionary
payload to low Earth orbit is $10-50 a pound. Since
conventional vehicle costs to low earth orbit are already
quite modest ($2000-$4000/pound) relative to payload costs
($32,000/pound), this point will be of importance mainly in
relation with the following paragraphs.

It 1s significant that the total launch costs of
such a reusable launch vehicle (2-5 million dollars) may be
comparable with those of conventional smaller launch vehicles.
Thus, the manned launch or retrieval of a small payload
such as an individual satellite 1s not unreasonable.

C. Effectiveness: Module Size

An Earth-looking module , on a manned spacecraft or
occasionally tended by man, will be larger and more complex
than the average unmanned spacecraft.

The large system can accumulate many instruments
employing each basic sensing technique. For example, in
infrared imagery the limited capacities of a smaller system
may dictate that one instrument be flown and the most useful
spatial resolution be 200 feet. The larger system can provide
capability to take such imagery at other spatial resolutions
which will better satisfy the requirements of particular
users. The required versatile instrument control is provided
on a manned station. With such a basic stable of instruments
the average "application" may be accomplished by "lease" of
existing apparatus, rather than by the development of new
devices.

It is of course essential that the large space
platforms be designed to avoid excessive experiment integration
costs. If the "user" has a clean, standard interface to
design to, his integration costs should be similar to or lower
than those he incurs 1in using a smaller automated satellite.

A disadvantage of the large, multi-purpose vehicle
is "one-shot loss." That is, many instruments are lost when
a spacecraft system falls. The provision of manned repair
capability seems likely to tip the balance further towards
larger systems.
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D. Reliability and Maintenance

The principal alternates to repair are redundant
systems and outright replacement of the vehicle by a
"Chinese copy." Not all failures can be anticipated and
prevented by redundancy, as indicated by the loss of 0AO-1.

For individual applications, repair is economically
more important as expected instrument lifetimes become large,
because the "spare" becomes a larger percentage of the total
cost. A spare vehicle hardly shows in a five year, five sat-
ellite program but is important in a five year, one satellite
program. Repair also becomes important as the replacement
cost of the repairable item becomes large.

The instruments and systems must be designed for
repalr. For critical space station systems, spare parts and
diagnostic information must be on-board. For less critical
items, and for automated satellites the low cost transportation
system allows repair parts or even a trained repair crew to
be sent up, if desirable.

E. Instrument Design

Design for manned flight may permit a somewhat simpler
implementation. The crew can unpackage and deploy an instrument
(or an automated satellite prior to launch). This simplifies
mechanical design. Last minute checks of calibration and align-
ment relax the requirement that adjustments survive launch.
Simplifications of this nature may reduce the cost of an in-
strument.

For a given application, the "natural implementa-
tion" may differ, if flown on a manned spacecraft. It may
for instance involve the return of film rather than telemetry,
where this choice is otherwise free in instrument design.¥

F. Conclusions

If the principal charges for an operational applica-
tion are incremental, it seems reasonable that appropriate
operations can be performed less expensively on the station
than on separately launched un-manned spacecraft. Low
cost transportation will help, directly, as will a manned
repalir capability. The number of instruments already present
may permit "leasing" rather than building new apparatus, and
astronaut assistance will simplify certain design problems
and thus reduce development cost. The principal negative
factor, integration cost, may be met by standardizing in-
strument spacecraft interfaces.

¥We expect both film and telemetry will be important in
the '75-'85 decade. Appendix A summarizes the advantages and
disadvantages of each.
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The next section summarizes the recent Summer Study
on Space Applications and shows that a reasonable portion of
proposed applications could in principle be accommodated on a
manned space station; it is believed that many of the rest
could be fruitfully serviced by it.

V. SUMMARY OF POTENTIAL EARTH APPLICATIONS: CONSISTENCY WITH
THE WINTER STUDY PROGRAM

A. General: Summer Study

The briefing and seminars held in Woods Hole from
July 31 to August 3, 1968 summed up two years of work by a
Central Review Committee and twelve technical panels of the
National Academy of Sciences. The purpose of the study was
to advise NASA in the area of space applications. A panel
of experienced businessmen was added in 1968 to assess the ex-
pected benefits.

The 1967 Summer Study Interim Report conclusions
stated that "useful applications of space are unquestionably
real, substantial, and poctentially close at hand...the space
program has broken the plausibility barrier." (Vol. I, p.3)

Table I in this section enumerates by discipline
the potential applications considered by the Summer Study. It
gives a good idea of the size and potential. Sub-section B
summarizes this table; sub-section C contains summary remarks
on total benefits estimated. Sub-section D summarizes the dis-
tribution of applications by orbit, and thus the requirements
which the "Winter Study" program must satisfy.

For this paper, it 1s out-of-place to criticize the
potential of the individual applications; the Summer Study has
done so, and in most cases the practicality now rests on the
results of experiments.

B. Potential Applications

This section reviews certain well-defined possibil-
ities for obtaining "benefits" from earth orbiting satellites.
Attention is focused on Table I, which is an attempt at high-
lighting the Woods Hole Summer Study, 1968. The horizontal
portions of the table are addressed to discipline areas that
were studied by panels of scientists, such as meteorology,
geology, or communications. The vertical divisions divide the
disciplinary areas in user needs, system requirements fo fill
the needs, systems costs for an unmanned program over a seven-
year period, precursors and readiness time for space systems,
benefits, and comments. The column identified as systems costs



BELLCOMM, INC. - 12 -

is based on the work of the panel on Economlc Analysis of the
1968 Summer Study. It estimates a total cost of the Earth
Applications Program as here portrayed of about $1.4 billion,
over a seven-year period, or $200 million per year.*

In the following, we will discuss some examples of
applications set forth in Table I.

In meteorology, short and long range weather fore-
casts using satellite data are generally accepted as desirable
and obtainable benefits, some of which have indeed materialized
already. Numerous weather-dependent users are existent now.
Meteorology is the only user area identified that has funded
launch vehicles and spacecraft, tracking and ground networks,
totalling about $100 million projected over a seven-year in-
terval. COMSAT (not shown in Table I) 1s of course operational,
and other, though not identified, funded programs exist in
communications, and studies are underway in navigation and
traffic control using ATS systems.

Meteorology is one user area that has firm require-
ments for continuous, global coverage from an integrated sys-
tem of polar and geosynchronous satellites. Four geosynchronous
satellites are required at any one time because of the limited
global coverage avallable by any one system. In contrast,
only one polar orbiter is reguired at any one time.

In oceanography, concrete areas are sea ice survey
from space, sea state survey and traffic routlng, coastal sur-
vey, and fish scouting. Aircraft are being used for these
tasks to date, scme at formidable expense. The USCG sea ice
survey, for example, costs $2,000/hour for one C-130 aircraft,
which adds up to millions of dollars per year. Fish spotter
planes are used by all fishing concerns, depending largely
on the human eye as a sensor.

Oceanography also requires polar and geosynchronous
systems. Two geosynchronous systems and one polar system are
in orbit at any time. The geosynchronous satellites are over
the Atlantic and Pacific Oceans. Sensors, packages, resolution
requirements, and orbital .altitudes for the polar satellites
are different from the meteorological satellites, even though
the Summer Study specifies only vaguely "several 100 miles" as
desirable.

¥The Summer Study recommendations concerning the NASA
Applications budget states that, "The level (100 millio§
dollar/year) should be increased between 2 and 3 times.
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In hydrology, fresh water inventory and snow survey
have been carried out by ground work and aircraft. Some salt
water intrusion and pollution studies from aircraft have been
carried out, but no programs of national character are known
as in meteorology or oceanography. Possibllities exist in
monitoring the national resource, water; in understanding its
dynamics, measuring flow, and identifying mixing and pollution
processes and rates.

Again, geosynchronous and poiar satellites are pro-
Jected. One geosynchronous satellite (continential United
States) and one polar satellite will be in orbit at all times.

In agriculture, concrete possibilities are crop cen-
sus taking, yleld forecast, and area crop status monitoring
(drought, disease). All of these items have been done or are
being done routinely by less reliable means than possible from
space. They require high resolution (low altitude satellite
or alrcraft) observations.

Agriculture, forestry and geodesy require one polar
orbiter at all times.

Cartography offers a concrete goal of having avail-
able for once, updated and complete maps of any area in the
world. This is a prerequisite for the useful application of
sensors to other earth resources disciplines.

Even though no satellite requirements are set forth,
cartography will probably require at least one polar system
for a four-year period, with one backup.

Geodetic space applications will bring one accurate
network covering the world instead of several incomplete ones
that are in use now. The inadequacy of the present networks
is apparent at the conclusion of every major space launch when
NASA, military, and tracking data disagree to the extent of
several miles as to the impact pcint of a spacecraft.

Geodetic satellites projected include one low in-
clination and three polar orbiters (geodetic program), and
one more low inclination and polar orbiter for gravity field
studies.

Geological applications lie in the areas of disas-
ter monitoring and locating ore bodies by space mapping. Dis-
aster monitoring requires relatively simple systems wilith a
small number of variables, such as temperature for volcanism.
Increasing the probability of locating ore bodies by space
mapping is possible due to the synoptic view afforded us in
large coverage photos and due to the fact that ore bodlies tend
to be connected with large structures which are often called
guldes to ore.
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Geological satellite applications for the seven-
year period projected are slim; three launches of polar orbi-
ters with one-year lifetime appear adequate. In addition, a
vigorous alrcraft program over the western hemisphere using
sidelookling radar sensors 1s projected that will tie in with
space photography or imagery.

Concrete communications applications are point-to-
point, points-to-point, and broadcasting satellitfes, with the
networks being applied to more and more selected groups.

The study projects four simultaneously launched
data collection relay satellites (DCRS), with a 4-5 year life-
time. Other configurations call for three geosynchronous space-
craft and two sun-synchronous polar orbiters, to provide full
coverage of the earth.

It is of interest to sum up the interesting array
of geosynchronous and polar hardware that the NAS Summer Study
proJected would be procured, launched or in the stand-by
mode durilng a four-year operational perilod of an unmanned
space applications program at a spending level of about
$200 million/year. All in all, 59 launch systems would be
procured.

This is not a "proposed program," but rather a
hypothetical case representative of the orhlital coverage re-
qulred and the scope of the required space hardware. A
practical program (as currently planned by NASA) would both
explolt commonality and achieve better satellite lifetimes.
Nevertheless, the Summer Study felt 1ts program was approp-
riate in cost. Even with commonality, its price tag would
approach a billion dollars. In the later 70's an 1lnvestment
for Earth applications of this magnitude is not badly out of
scale with the development costs of a large, manned space
station program.

C. Dollar Benefit

A number of attempts have been made to estimate world-
wide or domestic "dollar benefits" from a vigorous space
applications program. Table II lists estimates made by TRW,
the 1967 NAS Summer Study, the 1968 NAS Summer Study, and the
results of five case studies made by Planning Research Corp.
The reader is warned against making a cursory comparison of
the results of the different studies because 1t 1s necessary
to know the details of each study before a useful comparison
can be made. For example under "geology (mined resources)"
the 1967 NAS Summer Study figure is an estimate of the benefit
derived from the use of good up-to-date geological maps such
as could be produced from space systems. The 1968 NAS
Summer Study figure on the other hand is a savings in the cost
of producing the maps, compared to conventional means, and
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does not include the greater benefit obtained from the use

of the maps. Also, the dollar figures given by the Planning
Research Corp. are benefits derived over 20 years. discounted
to 1970. The PRC annual benefits would be less than "average"
in the early years and greater in later years.

In summary, the estimates do vary widely, but
appear to be on the order of a billion dollars a year.

A reasonably typical set of qualifying remarks -
and a startling estimate of benefit! - is given by Thompson
(B-9), discussing the World Weather Watch:

"As was anticipated at the beginning of the inves-
tigation, many of the benefits - although evidently
very large - are for the present only qualitatively
apparent. Of those that are capable of quantitative
assessment, some are expressed in non-monetary terms
(saving in human life and health, for example),
while others are complicated by the probable exis-
tence of secondary side-effects which may partially
or wholly offset the primary gains.

"Nevertheless, 1t seems clear that the overwhelming
evidence points to the attainment of significant
benefits, greatly exceeding the cost of implementing
the World Weather Watch. A recent study of a proposed
weather satellite system (reference D-4) reached the
conclusion that the annual potential benefits of that
system to the world would exceed $16 billion, about

50 times its estimated yearly cost."”

D. Consistency With the Winter Study Program

The Space Applications Summer Study deals with the
next six years. We assume, arbitrarily, that the satellite
coverage will be comparable in the mid to late 70's, that is,
that the successor programs in the '75-'85 time will have
similar orbital requirements.

Orbits

Choice of orbits is set by factors such as ground
coverage, spatial resclution, observation frequency, and iliu-
mination. Geodesy 1s a special example, with orbits set by
the shape and gravitational potential of the Earth.

All other applications require ground coverage of
most of the Earth. This leads to two orbital classes, high
altitude (usually synchronous) and low altitude, high inclina-
tion.

Desire for high resolution observations leads to
lower orbits.
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Observation: frequency moderates this. Continuous
coverage of a given area implies synchronous orbit, or in-
creasing numbers of satellites at lower orbits. Twice daily
coverage of a given point (within 45° of the satellite ground
track) can be obtained by one satellite from altitudes above
about 600 nautical miles.

Requirements for constant illumination lead to sun
synchronous orbits. Solar incidence angle depends on latitude
and season. These orbits do cover most of the earth at
constant time, however. Typical "requirements" are for 0900,
noon, and 1500 local time.

There are always conflicts between requirements
within the disciplines, the observables having substantial
ranges of sizes and observation frequencies. The resulting
system is a compromise.

Commonallty Approach

The Summer Study '68 (A-1, p. 12-9) postulated a
satellite system using common hardware. Table III shows the
orbital positions occupiled.

TABLE III
GEOSYN- LOW IN-
POLAR CHRONOUS CLINATION
NO. -(ALT.) LOCAL TIME NO. NO.
METEOROLOGY ONE (600NM) 1200 HRS. FOUR
OTHER
THREE (LOW) 0900,1200, FOUR
DISCIPLINES 1500 HRS.
GEODESY ONE ONE

Meteorology is glven a separate system because of "unique"
requirements which are not spelled out. One "unique" require-
ment may be complete daily coverage of cloud 1magery, requiring
the polar satellite to have a higher altitude than desirable
for other disciplines. The separate geosynchronous families
probably do not have unique requirements. The three polar
satellites for non-meteorological disciplines are sunsynchron-
ous and phased at three hour intervals (0900, 1200, and 1500
local time).
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The occupation of orbital positions could be expected
to grow, giving more continuous coverage from low orbits. The
actual number of desirable geosynchronous positions probably
does not exceed four; the number of satellites is already larger.

E. Model for the Winter Study Program

The Winter Study guidelines postulate stations in
at least three orbits (low altitude, at low and high inclina-
tion, and synchronous).

The postulated Earth Applications program of Table
ITI is a reasonable one which will provide the minimum cover-
age. Manned stations could not profitably replace all of the
required satellites. The 600 nautical mile altitude is in the
radiation belts and the geodetic satellite for gravimetric
geodesy must be un-perturbed. A manned station in high inclina-
tion orblt, and a manned station in geosynchronous orbit could
form a part of the required system, and the advantages of the
manned system could be realized. ‘

Pending further analysis, it seems advantageous to
have the low altitude manned station NOT sun-synchronous. It
would then drift through the illumination and ground coverage
requirements of most applications. This would permit develop-
ment testing of various systems. Operational applications re-
quiring a modest frequency of observations (less than weekly)
could be accommodated. This should include most agricultural,
cartographic, and geological applications.

Applications requiring low altitude synoptilc
coverage require, a priori, many satellites and are less
suited to manned spacecraft.

VI. SOME CRITERIA FOR AN EFFECTIVE MANNED PROGRAM

This section summarizes some criteria, stated as
questions, which must be met if manned space flight, on the
scale of the Winter Study, is to be "useful" in Earth
Applications. The validity of the guidelines is critical,
here, but is not addressed.

1. W11l space-maintenance, data assurance, tech-
nology be far enough advanced, by the mid 70's
to permit efficient design of "operational"
application instruments for use on manned space-
craft?

2. Can sufficiently clean organizational and me-
chanical interfaces be presented to the "user"
so that he will find the space station an
attractive, easy carrier to work with?
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3. Alternately, can the costs (effort) or instru-
ment integration and qualification be reduced
from AAP levels? It 1is advantageous to let
in-flight "shakedown" replace some ground test-
ing?

4. Can the space station respond quickly to the
user's schedule?

5. From an overall NASA view (and the user's!) will
it be less costly to use the space station than
a carrier?

6. Will orbit change capability be such that the space
station is the focus for the repair of satellites?
Or will low cost transportation from the ground
be more important?

VII. CONCLUSIONS

Under the assumption of a substantlal manned Earth-
orbltal program we have examined the uses of man and manned
space programs to support "operational" Earth Applications.
The Natilonal Academy summer study was highly enthusiastic
about the benefits obtainable from orbital flight; for the
near term, they found the manned program unnecessary. In the
late seventies, with low cost transportation to orbit, it
appears that portions of the instrument development program
may fruitfully be carried on in orbit. Large capable stations
appear a useful ingredient, with automated satellites, in an
operational program, partilicularly insofar as manned assistance
and repalr can be utilized to extend system 1life. There is
indication, pending further analysis, that most applications
requiring relatively infrequent observations could be accommo-
dated on a single, high inclination station.
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APPENDIX I

Comparison of Returned Photographic Film and Telemetered Images

Photographs or images are proven tools for many
earth applications. Photography has had a secure place in
planning for earth applications space systems. Recently,
advances and anticipated advances in mechanical and electronic
techniques have indicated that telemetered imagery may be more
desirable for the majority of users and competes with film
for the other users.

However, the routine return of film provides high
quality, hard copy data, and provides data assurance for user
disciplines such as geology, geography, and cartography. In
these disciplines the "time constant” from data to product is
on the order of months rather than hours or days.

The 1967 Summer study in the cartographic section
(p.44) states, "With present or near-future technology, the
use of television cameras with electrical transmission does
not provide the metric quality required for mapmaking."
No position on the requirement for cartography was taken in the
1968 Summer Study as there was no cartography panel. The
report of the Geology panel states (A-1, 1.2-2),

"—-—-higher-resolution, capsule-dropped, hard film (in
contradiction to telemetry), from one or two satellites
only, may be Justified in the singular case of geology."

The position of the Summer Study in support of hard
copy film return has softened. As the complete reports of the
1968 Summer Study are not available as yet, it would be
conjectural to state the reasons. However, the advances in
felemetered imagery must be a significant factor. A question is
implied, will hard copy film return be necessary in an
operational system? This question and a comparison of photographs
and telemetered imagery 1s now addressed.

Some advantages and .disadvantages of hard copy film
return and telemetered imagery are listed.

Hard Film Return

Advantages:
1) Economical storage volume

2) Three dimensional storage is implicit in the
emulsion. Two dimensional "control" is critical
for cartography. Uses of the emulsion depth
include color photography, ultra-wide dynamic
range films, and, in the laboratory, holography.



3)
4)

5)

Disadvantages:
1)

2)
3)
4)

5)

wide dynamic range

Comparatively better spatial linearity (metric
quality)

No burden on telemetry system (Particularly
important for peak rates)

Radiation sensitive
Dimensional changes in storage and development
Slow return to user

Takes up return weight and volume in returning
spacecraft

Unnecessary extra steps if digital processing
is used.

Telemetered Images

Advantages:
1) Quick return of data to users.
2) Direct input if digital processing is to be used
3) Acceptable linearity (metric quality) for many

users.

Disadvantages:

1)

2)
3)

L)

Intermediate step of scanning, transmission,
reassembly will introduce noise

Extremely high bit count for telemetry

State of art advances required in recording
and storage devices

Difficult and costly advances in state of art
require to achieve linearity (metric quality)

for high resolution images covering fields of
significant size (10%x10" picture elements)

useful for some cartographic and geology users.
(Size of control components increases geometrically
as size of image tube is increased) Unsolved
linearity problems exist in optical mechanical
scanners.



Summary and Conclusions

Telemetry system can provide the bulk of the imagery
required including some useful cartography. Some cartographic
and geologic applications will probably require hard copy film
return. A decision as to whether hard copy film will be
required can be delayed for 3-4 years pending experience in
using imagery from space. However, in the broader view of a
multi-purpose space station, research requirements in earth
science will undoubtedly include a requirement for hard copy
film return, which could be used for operational purposes.
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